Catalytic promiscuity in the alpha/beta-hydrolase superfamily: hydroxamic acid formation, C--C bond formation, ester and thioester hydrolysis in the C--C hydrolase family.
The haloperoxidase family of alpha/beta-hydrolases contains enzymes of several different catalytic activities, including esterases, C--C hydrolases and cofactor-independent haloperoxidases (perhydrolases), but the molecular basis of this catalytic promiscuity is not fully understood. The C--C hydrolase enzyme MhpC from E. coli is shown to possess esterase and thioesterase activity, and the ability to activate hydroxylamine as a nucleophile to form hydroxamic acid products. The ratio of these activities was examined for nine site-directed mutant enzymes that contained mutations at nonessential residues in the enzyme active site. Higher levels of esterase and thioesterase activity were found in mutants Phe173Gly and Trp264Gly; this might be due to increased amounts of space in the active site. Higher levels of hydroxamic acid formation activity were found in mutant Asn109His-a mutation found in many haloperoxidase enzymes. Wild-type and mutant MhpC enzymes were also capable of C--C bond formation in organic solvents, and the highest activity was observed in nonpolar solvents. The results provide experimental support for the catalytic promiscuity shown in this family of enzymes, and indicate that differences in catalytic function can be introduced by point mutations.